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This laboratory, initiated in September 1090. is 
focused on DSA conformation and evolutiomp- 
xwleration; namely. how modulation of the 
secondary and trrti;q structure of DNA. and its 
packaging n?th protein complexes. influcncec its 
vulnerability to chemical alteration. Xs DN.4 
conformation is already knonn to he :I prime actor 
in the regulation of gene expression Cc g., super- 
coiling and transcriptional control), this prc~\~ides 3 
well-founded mechanism for feedb3ck of en\-iron- 
iixmt:il circunistance 2nd physiologic:11 status to 
differrntial mutahllity of local regions of DX.2. 
While this is contrxy to currc’nt dogm3 (“niut3tions 
3-r y-mntaneous and r\olution ii directed esciu- 
siwly hy natur:rl selection”), it is Ixsed on cc~in- 
moI1-wnw mech:lni\tic chemiat~ of 1)N.Z. Thcrc 
.Ire also 2 fc\\. cioze~i scattered e?ipcf-inienr.~l 
ohsenxtions to support the thesis. but it h;is not \-ct 
hecn the subject of sptematic cl-itic ,5tudy. \X’e 
,ire using small Ikbrnchiu c-di plasni~cis cai-13 ing 
.x3 er.iI rcgu1a-e that can Ix indcp~ndently 
:icti\xted 1x0, cstenxd inducrrs. Thcae xe :11x) 

s.scoci:lted \5 ith change in supercoiling st:itus, and 

this an alw be regulated in \.i\.o 3nd :1wessctl 111 

Ctro. W’e \wiI study ho\v these en~ironment~ill~ 
contl-okd J2r-i3bles alter the niut~ition:~l spectrum 
under the mflucnce of e~idoge~ious iiict:llwlisin. 

ctieniic:il mutagens , 3ntl tr:insposons. WC li3\.e no 

theoretical basis lo expect any physiologic:~ll~ 
cohcrcnt regulation of the direction of mutation. 
hut do :Inticipxte that different sites bill iho\\ 
cliffewntial mut:lbility: i c‘.. an ;Iccelerdtion of 
obvolution. 

In wllaboration I\?th the Kutg:ers Computer 
Science Depurtrnent, n’e xre also wtting up 
ic,Iii]~“tcr-based s)-~tcnis of reasoning in nic~lecul;~i- 
biolog!;. patterned on the \3ark at Stanford 0~1 

DESDlb\L during the 1970s. This logical rc’c(0 
5truction is cxpccted to Ix of gre;it assist‘tnce in 
exp~nment planning. md in the organization nixI 

retrie\31 of the \xt :Iniount of inforni3tion recorclcd 
in the publi5hcrl litel-2ture. 
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Our laboratory is focused on DNA conformation and evolutionary acceleration, namely, 
how modulation of the secondary and tertiary structure of DNA, and its packaging with pro- 
tein complexes, influences its x-ulnerability to chemical alteration. As DNA conformation is 
already known to be a prime actor in the regulation of gene expression (e.g., supercoiling 
and transcriptional control), this provides a well-founded mechanism for feedback of em-i- 
ronmental circumstance and physiological status to differential mutability of local regions of 
DNA. A few dozen scattered experimental observations support the thesis, but it has not yet 
been the subject of systematic critical study. We are using small Escherichin co/i plasmids 
carrying regulons that can be independently activated by external inducers. These are also 
associated with change in supercoiling status, and this can also be regulated in viva and 
assessed in vitro. We are studying how these environmentally controlled variables alter the 
mutational spectrum consequent to the influence of endogenous metabolism, chemical 
mutagens, and transposons. In collaboration with the Rutgers Computer Science 
Department, we are also setting up computer-based systems of reasoning in molecular biolo- 
gy, patterned on the work at Stanford on DENDRAL during the 1970s. This logical recon- 
struction is expected to be of great assistance in experiment planning. and in the organiza- 
tion and retrieval of the vast amount of information recorded in the published literature. 

STEPHEN S. ‘MORSE 
I’iral I?zfectiom of TLynzphocytes: Pathogenesis and EL~oIutim. The major goal of this lab- 
oratory is a better understanding of how viruses interact w3th the host immune system. espe- 
cially T lymphocytes, to cause disease. Most of our work involves mouse thymic virus 
(MTLV, a herpesvirus) and human immunodeficieiic~ virus (HIV, a lentivirus). 

MTLV kills CD4+ T lymphocJ.tes in the neo-natal mouse thymus. This cell death ma) 
result from clonal deletion, a host mechanism which normally eliminates self-reactive T lym- 
phocytes. In MTLV-infected mice, the thynus eventually regenerates but a number of the 
mice develop autoantibodies later in life. We are continuing to concentrate on the 
relationship between thymic necrosis after infection, clonal deletion mechanisms, and 
autoimmunity. 

MTLV shows biological similarities to two recently discovered human hcrpesviruses, 
HHV 6 and 7, which also infect T lymphocytes. Our preliminary work indicates apparent 
antigenic cross-reactivity and DNA cross-hybridization between SlTLV and HHV-6. We ha\-e 
been developing a polymerase chain reaction detection system for MTLV. in collaboration 
with Pamela B. Moore (Director of the LARC Diagnostic Laboratory), in order to further com- 
pare pathogenesis and DNA homologies. 

Collaborating with colleagues at Cornell University Medical College, we are defining 
thymic involvement in pediatric HIV infection. Circulating CD-i+8+ T cells, immature cells 
normally found only in the thymus, have been identified in a number of HlVinfected chil- 
dren. We are further characterizing the developmental stage of these cells. Using similar 
approaches, we are comparing immunopathogenesis of feline immunodeficiency virus, a 
lentivirus that shows promise as a laboratory animal model for AIDS. 

Cell and Developmental Biology, Imm!lnolcoy and bhcrobicioqy 
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Morse, S. S. 1990. Comparative srnsitiviq of infectivity assay and mouse antibody production (>I#) tet 
for detection ofmousr thymic virus (MTI.\?. Jortn~n[o~~‘irolofiicrrl,lle~~~o[~~. 28: 15-24. 
Morse, S. S. 1990. Looking for a link (interspecies transfer of viruses). :Cirture. 344:297. 
Morse, S. S. 1991. Emergingvirusw defining the rules for \-iral traffic. Perspecficu irk Biokqy nrwl 
Medicirze. 34:387-409. 

Morse, S. S. 1992. Whnt do we know about the origins of emerging viruses? In Emergirg Virzrsrs. 
S. S. Morse, editor. New York nnd Oxford: Oxford University Press. In press. 
Mont, S. S. 1992. “Emerging Viruses” and “Viral Evolution.” In Eng’clopedin o/Microhioiog~~. 
J. Ledrrbrrg, edltor. Orlando, FL: Academic Press. Inc. In press. 
Morse, S. S., and A. Schluedrrberg. 1990. Emerging vinlscs: the evolution of virues 2nd viral diseases 

Jozwnnl of Infectiolrs Disenses. 162:1-7. 

SRINIVAS SASTRY 
We are studying mechanisms of transcriptional initiation and elongation. Our goal is to 
understand the conformational transitions in the RNA polymerase molecule as it moves 
down the DNA template. We are attempting to map the DNA-contacting amino acid side 
chains in the RNA polymerase by photochemical cross-linking approaches. Transcriptional 
initiation and elongation complexes of E coli and phage T7 RSA polymerases are prepared 
by arresting the polymerase at specific sites on the DNA templates. Specific cross-linking of 
the arrested RNA polymerase to the DNA template is induced by high intensity 36i-nm UX 
light, and a site-specific photochemical probe on the DNA template. Highly stable transcrip- 
tion initiation and elongation complexes are purified by high performance liquid chro- 
matography. The molecular contacts between the amino acid side chains in the RSA poly- 
merase and the DNA bases are mapped by a variety of techniques, including proteolytic 
degradation of the polymerase follokved by mass spectrometry, amino acid composition 
analysis, and peptide sequence analysis. 

My hypothesis is that protein-DNA cross-links are a major source of DNA damage from 
solar Uv, and that protein-DNA cross-links are formed at l-2 orders of magnitude greater 
than the estimated number of DNA interstrand cross-links (-@‘cell/da)-). To understand the 
repair of DNA-protein cross-links in vitro and in viva, n-e arc constructing model s)‘stems 
that have zero-length and bulky adduct-mediated protein-DSA cross-links. 

DAVID THALER 
Is R:\A n M~@en? RNA-DNA hybrids are essential at several key junctures in biology as: 
(a) intermediates in transcription: (6) primers for DSA replication at the origin and 
throughout the chromosome on the lagging strand; (c) primers for reverse transcription in 
retroviruses. Our work on RNA-DNA hybrids is motivated bp the hypothesis that the loca- 
tion and types of genetic change (mutation and recombination) engendered could be target- 
ed and physiologically modulated via hybrids of RNA and DNA. Model substrates are used to 
study the genetic propteries of RNA-DNA hybrids both in viva and in vitro. 

We’ve found that information on RNA whose phosphodiester backbone is covalently 
continuous with DNA can be inherited in viva in wild type E. coli. Information transfer from 
RNA to DNA could occur via either mismatch correction or an activity of DNA polymerase 
that allows it to cross a covalently continuous backbone between DNA and RNA. Tests of 

Cell and Developmental Biology; Immunology and Microbiology 
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the polymerase hypothesis in vitro indicate that several DNA polynerases can become cis- 
acting reverse transcriptases, if, and only if, they get a “running start” on a DNA backbone. 

Extending the BiochemicalSpecificity Requiredfor Genetic Itzfcwmation Tramfer. 
DNA was the first chemical shown capable of carving genes. Some years later it ~3s found 
that IWA can also carry genetic infomlation and our work e?Xends the context in which 
RNA can so act. Modifying the backbone structure of polpnucleotides in other vval-s allows 
us to assay novel chemistries for their ability to transfer genetic information. So far vv’e have 
found that several decorations of USA and RNA with methyl and sulfur are quite “alive” in 
the genetic sense. This work has implications for antisense pharmacologies that use modi- 
fied backbones. 

“We” in this section refers to Shumo Liu, Julie Losman, Jose Reyes, David Thaler, Greg 
Tombline. and Ken Zahn. 

KENNETH ZAHN 
One major area of my work is the development of molecular tools for the detection of muta- 
tional change in DNA molecules. The method I am developing is nondestructive in that it 
generates RNA copies of regions of difference in heteroduplex DNA. It uses the property of 
nonspecific recognition and transcription initiation on heteroduplex “bubbles” by T7 RNA 
polyuerase. As such, it bypasses the need for a conventional promoter. Initial analyses on 

artificial heteroduplexes demonstrate that insertion/deletion hcteroduplexes serve as unidi- 
rectional promoters and substitution hcterodupleses as bidirectional promoters. The tran- 
scription products made from such DNA substrates are currently under close scrutiny. It is 
hoped that such a method may be applied to larger genome analysis. 

Additional areas of interest are aspects of bacteriophage lambda biology, especiall) 
(a) DNA protein interactions involved in the recognition of the replication origin 1~). the ini- 
tiator protein and the nature of the structural transition in supercoiled DNA caused by this 
interaction. Toward these ends, genetic systems are currently being developed, using gene 

and protein fusions such that replication is no longer the assay for ori or ori-recognition pro- 
tein function. (b) Control of the integration of lambda DNA into the E. co/i chromosome 
through translational regulation of the phage integration protein. In this regard protein 
fusions of integrase to j3-galactosidase under the control of different promoters are being 
used to quantitate the influence of the intragenic and extragrnic regulatory sequences in 
question. In addition, small plasmid molecules containing the integrase gene controlled by 
its natural promoter (pl) and positive activator (cl1 protein) and others containing a transfer 
RNA gene have been constructed to demonstrate the regulatory effects of specific tRNAs 
within a context which resembles that occurring within the cell during viral infection. 

MICHIEL NOORDEWIER 
LMp current research efforts are proceeding along two directions at the interface of comput- 
er science and molecular biology. The efforts are aimed at the development and testing of 
computational systems for searching and analyzing biological sequences. 

Computational tools for analyzing sequences include the use of information theory for 
the characterization of control signals in gene sequences (lvith 1lartin Farach of Rutgers 
University, and Larry Shepp and Jakob Ziv of At&T Bell Laboratories). In addition. \vith 
Haym Hirsh (Rutgers University) and Craig Benham (Mount Sinai School of Medicine), vve 
are using background knowledge of the physical and chemical properties of DNA to 
improve inductive learning of rules for genetic sequences. 

Cell and Developmental Biology; Immunology and Microbiology 
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With Sumit Ganguly (Rutgers University) n-e are developing an index structure and 
retrieval system for biological sequence databases -which promises to be efficient and gener- 
al. This organization of the databases will complement other current efforts at sequence 
comparison and analysis, by providing an infrastructure in which other methods can be 
used to efficiently locate desired sequences. 

Finally, with Martin Farach and Dakl Axelrod (Rutgers LJniversity) -S-C are using results 
from the field of text data compression to create faster methods for screening large databas- 
es for the nonrandom structures in DNA The discovery of genomic structure is equivalent 
to the discoveT of repeats of sequences or their transforms. These repeated structures are 
abundant in higher organisms, but their biological and structural significance is not fully 
understood. There are hints that they are important for gene regulation, evolution, genome 
macrostructure, chromosome function, human disease, and protein function and process- 
ing. We are developing tools to characterize such structure in cukaqotic genomes. These 
tools will allow biologists to phrase sequence analysis tasks in abstract terms, without a need 
to implement or alter string-level comparison tasks. 

PUBLICATIONS 
Hirsh. H., and hl. Noordewier. 1994. LIsing back.gro~~nd knowledgr to improve inductive learning of DNA 
squc’nc~s. IEEE (Imtitute ofElectrictrl crrlrt Etcvtr~~riic.< E?t#itlecrsj E.qert. In press. 

Lederberg, J. 1993. Emerging infections. microbi.il threats to health Trrr~ls ill ,Ificrobiology. I:ij-44 

Lcderberg, J. 199i The tranformation of genetics b), DNA. an anniversaq celebration of Aver), MacLcod 
and McCarty. Genetics. 136:423-426. 

Le Derout, J., D. S. Thaler, et al. 1992 Thr spoOA gene 13 implicated in the maintenance of non-comple 
menting diploids in Btrciltr~ssubtilis. .Ilo/c~c~rltrrlficrobiolr~~~~. 6: 1495-l 505. 

Lindsay-, R. K., B. B. Buchanan, E. A. Feigrnbaum, and J. I ederberg. 1993. Dendral~ a case study of the tirst 
expert system for scientific hypothesis fomutlon. Artifi‘cint Imdligeme. 61: 209~261 
Rnyssiguirr, C.. 11. S. Thaler. et al. 1989. The barrier to recombination between Escherichicr coliancl 

Snlrnonelk~ t~phimrfriurr2 is disrupted in mismatcbrqxir mutants. ,Vcrflrre. 342:39&401. 
Reardon, J. T., P. H. Speilmann. J-C. Huang. 5. S. SahtT).. h. Sancar, and J. E. Hearst. 199 I Rem01 al of pso- 
ralcn monoadducts and crosslinks by human cell-free extracts ~~lrc.t~icd~insRescrr,rlr 17:4623-4629. 

Russell, C. B.. D. S. Thaler. et al. 1989. Chromowmal transformation ufEschc~richir/ crdi recD strains w ith 
linearized plasmid Jorrrr2~lofBnctrrioto~J, 1’1:2609-2613. 
Sastry, S. S., and J. E. Hearst. 199 1. Studies on the interaction of l7 RNh pal)-merax with a DNA template 
containing a site-specifically placed on psoralrn cross-link I Characterization of elongation complexes 

Joumnl ofn~~o(ecLl(nrBioloRJ,. 22 1: 1091-l 1 10 
&try, S. S., andJ. E. Hearst 1991. Studies on the interaction ofl? RS.4 pol).merase xvith a DNA templatc- 
containing a site-specificall)- placed psoralen cross-link. II. Stability and some properties of elongation 
complexes. Jollnzalof,rfo/eclltnrBioloa), 211:l 11 l-l 125. 
Sastry, S. S  , H. P. Spielmann, Q. S. Hoang, A. >I Phillips, A  Sancar. and J. E. Hearst. 1993. Laser-induced 
protein-DNA cross-links via psoralcn furanside monoadducta. Biochemistr)~. 32:55X-55$3. 

Sastv. S. S., H. P. Spielmann, T. J. Dnyr, D E. Hemmer. and J. E. Hearst 1992 Recent advances in the syn- 
thesis and structure determination of site specifically psoralen modified DNA oligonuclrotidcs. Jounzd of 
PIzotochet?zist~~nrzclPhotobioto~B Biolog),. 14.65-79. 

Sastq. S. S., H. P. Spielmann, and J. E. Hearst. 199 2 Psoralens and their application ot the study of some 
molecular biological processes Advances i?r Enzy~~~/og~. 66:8i-148. 
Spielmann. H. P., S. S. Sastq. and J. E. Hearst. 1992. New methods for the large-scale preparation of pso- 
ralcn furansidr monoadducts and diadducts. Procredirrgs ofthe.~~ztior2ald~~z~m), of Sciences ,554, 
89:451-i-4518 
Thaler, D S. 1994. The evolution of genetic intelligence. 1994. Scirme In press. 
Thalcr, D S. 199-i. Sex is for sisters: intragrnomic recombination and homology-drpcndent mutation as 
sources ofevolutionary variation. Trends in Ecotofil’arzclEz’otlltion. 9: 108-l 10. 
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Thaler, D. S., and M. 0. Noordewier. 1992. MEPS parameters and graph analysis for the use of recombina- 
tion to construct ordered sets of overlapping clones. Genomics. 13: 1065-1074 
Thaler, D. S., J. R. Roth, et al. 1990. Imprinting as a mechanism forthe control of gene expression. In 77~ 
Bacterial Chromosome. K. Drlica and M. Riley, editors. Washington, DC: American Society of 
Microbiology, pp. 445-456. 

Thaler, D. S., and F. W. Stahl. 1988. DNA double-chain brealts in recombination of phage lambda and of 
yeast. AnnualReview of Gemtics. 22:169-197. 
Wolff. J. A., andJ. Lederberg. 1994. A  history of gene transfer and therapy. Hu??zan Geve 77zcrrfp.1’ 
5:469-480. 
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Our laboratory is focused on DNA conformation and evolutionq- acceleration; namely, 
how modulation of the secondary and tertiar) structure of DNA, and its packaging \vlth 
protein complexes, influences its \-ulnerability to chemical alteration. ,4s DNA conforma- 
tion is already knoxt-n to be a prime actor m the regulation of gene expression (e.g., super- 
coiling and transcriptional control), this prov’des a Lvell-founded mechanism for feedback 
of en\-ironmental circumstances and physiological status to dlfferentlal mutability of local 
regions of DN,4. A few dozen scattered experimental ohselTation5 support the thesis, but It 
has not yet been the subject of systematic critical study. We are using small Ev\lcrl’riria roli 
plasmids carrying regulons that can be independently activated by external inducers. Theie 
are also associated with change in supercolling status , and this can also be regulated ilr ~,ilv 
and assessed if1 r~ifr~). We are studying how these environment,lly controlled \dkIblcS alter 
the mutational spectrum consequent to the >ntluencc of endogenous metabolism, chemical 
mutagens, and transposons. In collaboration I\-lth the Rutgers Computer Science 
Department, \ve are also setting up computer-based systems of reasoning in molecular biol- 
o-q, patterned on the Lvork at Stanford on DENDRAL 1 I wing the 1970s. This log~c,~l 
reconstruction is expected tu be of great assistance in esperln!cnt planning, ,md in the 
organization and retrieval of the x.a<t a1nount of lnform.ltlon recorded in the puhhxhsd lit- 
erature. 

Michiel Noordewier 
Mick NoordeLvier’s interests are aimed at the development and testing of comput,~tion,ll 
systems for searching and analyzing biological sequences. Our research e%orts h.lve reccntl) 
proceeded along four major directions: 

1. With Haym Hirsh (Rutgers Universiv) and Crdi y Benl~.m~ (Mt. Sinai Medic.11 
School), \ve are utilizing background knolvledge of the physical and che~nical propcrtles of 
DNA to improve inductive learning of rules k>r genetic sequences. 

2. With Sunlit Ganguly (Rutgers University) \\-e xe developing an index structul-e 
and retrieval syrtcm for biological qequcnce databases xvhich promises to be efficient dnd 

general. 
3. We have explored the use of information theoiq for the chardctenzdtion of control 

signals in gene sequences (with Martin Fdmch of Rutgers Eni\-crsity. and Larq Shepp md 

Jakob Ziv of AT&T Bell Laboratories). 
4. Finally. \vith Martin Farach dnd David Aselrod (Rutgers Universiv), \ve are devel- 

oping tools to characterize such structure in eukaqotic genomes. These tools 1x511 allow 
biologists to phrase sequence anaiyris tasks in abstract terms, \vithout a need to irnplenlent 
or alter string-level comparison tdskx. 

David Thaler 
IX KY,-! a hl~irqcr~? RNA-DNA h)Ix-ids are essential at sex-erai key junctures in biolos? as: 
(n) intermediates in transcription: (b) primers for DN‘4 replication ‘It the origin &xnd 
throughout the chromosome on the lqging strand; (r) primers foor reverse tranwi-iptlon in 
retroviruses. Our lvork on RNA-DNA hybrids is motivated by the hypothesis that the 
location and cpes of genetic change (mutation and recombin,ltion) engrndercd could hr 

targeted and physiologicdliy modulated \-ia hybrids of RNA a11J. DNA. hlodel subitr,ltes 
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Stephen S. Morse 
Our’rn.~~or fOSll5 1s in virdl pathogenerir, especially in the inmnme systenl. and nlodelj for 
studying vir,d diseases. A related focus is in molec&r evolution of viruses, and 111 fmors 
responsible for virdl emergence. 

CD4 Cc/l Dcy~lc~tic)r~ by I’irr~~s. MOLW thymic virus (MTLV) is 3 herpesvirus thJt 
infects ~11d kill, developing T lymphocytes in newborn mice, although the virus proluhl) 
prefercntidl>~ Infects T cells in nlice of any age. In the neondtd mouse thymus, and in 
othtx lynlpl~o~d ticcues such A< spleen. MTLV infection selectively kill3 CD4+ T lyrnpho- 
c)tes. Out- recent evidence sugests th,lt apoptosis (progrmlrrled cell death) is induce-d 111 
the lynlphosytes during infection md ,Ippedrs to be responsible for this cell depletion. We 
are currently inve5tigtinp hon. apoptosis imy be triggered during infection, inclding 
possible invohwnent of supcrJntigcn5 ani1 thymic mechanisms for negative selection. 

Despite nmsive depletion ofT cells, the inf &ted thymuses rventully regenerate, 
providing d possible inode for studyin, m  the process of T cell regeneration. In order to fol- 
lo\v this process, \ve are cl-uralcterizing T cell repertoire (T cell receptor suht)-pes) acid 

stenl cell5 in regenerating thymu5, using floxv cytomet~ to an,rl~~ze cells for specitii nixk- 
ers. Surprisingly, although these mice ren~uri infeited for life, dnci contindl)- shed virus. 
they do not generdly dcvclop dn AIDS-like &e.xe. This contrat IILI~ be usefLl1 for 
understmdmg \vhy, in AIDS. CD’& cells Are killed but appxently do not regenerate. 
I-Io\vevzr, mhile mice ,lppcx nornd ,dter recoveq from MTLV Infection. the thynlc 
ihld~t‘ Ill‘ly hclve subtlr 1011, CT’-term efTccts. SLich as automtibcrdlrs. 

Errrcyir{q I’ivrrm n,!cf 14wiv EI~~I/IL~~OIJ. We are also interested In “ttriierging viruses” (the 
oripins of “nmv” vird dise‘lws) md vird evolution, anJ have been criticdly esxninin~ 
&tor5 responsible for disedsc emergence. Thic interest dlso led to our developing a PCR 
system to detect unkno\wl menlbers of the IeIltlvlr~ls: subfhrnily (the group th,lt incluiiec 
HlVj. WC h.lve heen using thir system, and other>, to probe lentivirus varution ciurmg 
infection, in order to better underctmd its pdthogenesis 2nd evolution iH I’il~~l 

Molrc~hr, CrII, and Developrnrntal Biolog; Irnmunolo~ and Microbiolog- 



Toby C. Rodman 
Our studies Are concerned \vith the repertoire ofmtur-~1 ‘~ntiboiiks of rllc IIU~L~II IIU~IILIII~ 

system. The exxtence of circulating iIIlnlulloglohulins nonxtr~bud~le to esogrnou\ mti- 
genie induction has been long rrcogniz~d, but little definition of their roles ds ‘1 cl355 or 2s 
individual effector molecules has been achieved. We seek to Mine the priula~ role of 
natural antibodies in maintenance ofhonieostasis and, hy vlx-tue of-tllcir \pecitic cpitopec. 
their potentid secondary role in ho\t defenw 3>‘ ~~linst mf-estious invjdrrr 

wie have identified the specitic t‘pitoprs and doculnentd the oczurreIlce of txvo IICxt- 
ural antibodies in all of a large cohort 0fnorm.d serd. We h.iv2 deternimed thdt their lghl 
isoQpes dre present in cord hlooci at the snme level of maturation db th.lt detected m the 
IgG isoqpes of adult blood. Thus. their epitope cpeciticities .w Inn.ltely dvfincd JII~ rhose 
antibodies xe in their et‘fector state in the neonIre. B3scd upon their ubiquity d icienti- 
ties of their epitopsr, xve have proposed th.rt those t\vo ,lntibodirt reprcw”t .I L.~,I~s th.lt 
functions primarily 3s monitors for .lberrxit sutogrnous niolecr~lcs that ni,iy ,Iriw in rcprti- 
rive n~et;iholic processes dnd the removal oE\vl2icli coul~i pi-c‘\-rut cri-or’; in pi-itlc,il iellui.~r 
fbctions. WK podate that ndturai dntiho~iies hove xisen lilrough n~eihmlw~s of\ur\-i\..d 
selection and hdve become established 2s dn inn.Ite repertoire ior .iutosui7.c.lll,rIiSc‘. 

The Jmino .Gd organizations of the cpitopcs for the t\\‘o natt1r.d ,Intlho&es IdcntlticJ 
thus f3r dlso support the proposeci secondly role, th.lt of &ftnte .Igin<r xi mi~~tious 

invnder. namely HlV. Each of the txz.0 epitoprs is ho~nologous \\ith 3 defined functlOn.d 
sequence of HIV Tat protein. Further. the firm ~1(~c~rr~lcr~t~~t~~~r~ of the r,ny ofnorm~l 
titers has cndded us to determine that thox antibodies are nGntained dnr~ng the <linically 
latent period of HIV infection ,ud xe &plcteJ 3s AIDS is qq~oxhed. \Ylxthcr .ml ho\\ 
those dntibodirs might provide deter-rence ofHl\r I’.‘tl”‘Fro~re’sioii is the cubicc t of oui 
continued inve5tigtions. 
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Joshua Lederberg 
Molecular Genetics and Informatics 

Our laboratory focuses on DNA conformation and evolutionary accelemtii)n-namely, ho\\ 
modulation of the sewn&v and tertiary structure of DNA, and its packaging with protein 
complexes, influences its vulnerability to chemical alteration. As DNA conformation is 
known to be a prime actor in the regulation of gene expression (e.g., supercoiling and tran- 
scriptional control), this provides a well-founded mechanism for feedback of environmenwl 
circumstances and physiological status to the diffkrential mutability of local regions of DN.4. 
A few dozen scattered experimental observations support the thesis, but it has not yet been 
the subject of systematic critical study. We use small Es -h L erichiic coli plasmids carrying regu- 
Ions that can be independently activated by external inducers. These also are associated Lvith 
change in supercoiling status, which can be regulated in lsit,o and assessed in rsitro. We are 
studying how these environmentally controlled \,nriablrs alter the mutationJ spectrum con- 
squent to the influence of endogenous metabolism, chemical mutagens and transposons. 
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Lederberg, J. (1996). Smaller fleas...adinfinitum Therapeutic bacteriophage redux. Proc. Nat/. Acad. SC;, USA93. 3167.3168. 

Ledetberg, J. (19961. Opttons for the future. Symposwm on electronic publishing, ICSU/UNESCO, February 22, 1336, Pax, 
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David S. Thaler 
I am a microbial geneticist concerned lvith the molecular mechanisms, the genetic and for- 
mal aspects, and the evolution,lry consequences of the ways in nhich living things change 
in a hrrcditary manner. Genetic change is a chemical reaction in which parental genomes 
are the substrates and new genovpes are the products. W’e study both the iis (chemical and 
conformational modifications of DN,4 and RNA) and the trans (the enzymes that act on 
them) components of the reaction. 

We should that, in tJiz,o, DNL4 polymrrase can copy short stretches of ribonucleotides 
as well as other non-canonical templates Lvhen they are embedded in normal DNA. This 
work extends the chemistry that is “alive” because information encoded by the attached 
1, : I. ‘: .. t 11 1 wxs 15 dciurd t y In wrl CC ‘t 1. The chemistries studied (RN.4, phosphorothioate DNA and 
RNA, methyl17hosphc~nate and 2’-O-methyl RNA) I. a 50 are used in antisensr pharmacology. 
Our results elwdtt‘ concerns that antisense molecules may insert infcjrmation into a cell’s 
DNA. This insertion is a safety concern if the pharmacoloOT is intended only to modulate 
expression but it might be desirable for gene therapy. 

When foreign DNA enters a bacterial cell the major barriers to its informational incor- 
poration are restriction and mismatch repair. Both are subject to genetic and physiological 
modul,ltion. We &covered and continue to study the role of mismatch repair in regulating 
the sequence similarity required for recombination. Certain kinds of stress are knolvn to 
attclnuate restriction. We are asking if sublethal doses of antibiotics are such a stress. 

Our work is carried out with E. CO~I, S. tyehimurium and clinical isolates of Enterocossus 
(conjugation of antibiotic (vancomycin) resistance). 
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Joshua Lederberg 
MOLECULAR GENETICS AND INFORMATICS 

JOSHUA LEDERBERG 
Our laboratory focuses on the genetics of 

evolutionary change in bacteria - namely how 

DNA structure and metabolism play a part in 
providing a substrate for evolutionary adapt”tion. 
As LINA conformation is already known to be a 
prime actor in the regulation of gene expression 
(e.g., supercoiling and transcriptional control), 
this provides one well-founded mechanism for 
feedback of environmental circumstances and 

SELECTED PUBLICATIONS 

physiological starus to differential mutabili~ of 
local regions of DNA. Microbes have also evolved 
many mechanisms for storing genetic innovation 
and for cycling rhroush those archives through 
processes like differential gene expression, phase 
variation, and transposon hops, as well as plasmid 
transfer benveen species. W’e are seeking esperi- 
mental tests of how these latter phenomena ma> 
also be responsive to environmental signals. 

DAVID S. THALER 
We are microbial geneticists concerned with 

the molecular mechanisms, genetics and evolu- 
tion,lry consequences of the ways in which living 
things change in a hereditary manner. Genetic 
chxige is a chemical reaction in which parental 
grnomes are the substrates and new genot).pes are 
the products. We study the cis (chemical and 
conformationJ modifications of DNA and RNA) 
and the t)~zw (rhc enzymes that act on them) 
components of genetic changes. 

restriction and physical scpxxion. With regard to 
physical separation, \ve are exploring cell fusion as a 
way to bring t\vo bacterial genomes into the same 
cytoplasm to give the genomes a new sort of 
opportuntv to intcrxt. 

In collaboration \vith Tobj, Rodman we are 
using phage displa), libraries to characterize epitopes 
recognized by natur‘ll nntibodieb. The goal of this 
project is to understand the repertoire of shapes 
recognized by the neonate immune system. 

W’e have shown that short stretches of ribonu- Genetic change is an informational as ~vell a3 a 
cleotides as \cell as other noncanonical templates are chemical process. In collaboration with members of 
genetically potent in vizv when they are embedded the university’s Center for Studies in Physics and 
in norm‘11 DNA. This work extends the chernistv Biology we have worked on computing kvith DNA, 
that is “ali1.c” because information encoded by the i.e., performing algorirhmic computations by mole- 
attached bases is accurately inherited. Chemistry is cular-genetic methods. With Assistant Professor 
only one component of the genetic, physiological Marcelo Magansco of the center bve consider the 
and physical barriers to the incorporation of potcn- evolutiona? consequences of the fact that organ- 
tially he&tar): information. Other barriers include isms inherit the genetically determined algorithms 
the amount of divergence between sequences. by which evolutionary variation is generated. 
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reverse transcription in Escherich c-o/i. Gmcrm 130. 003-315. 
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Thaler, D.S. (1994). Sex is for cisters-~ntragenoltiic 
recomhinaion and homology-dependenr mutarion RS vxtrces 
of evolutionary varidrion. Trends Em/. Et-al. 3, 108-I 10. 

Le Derour, J., Thater, D.S.. Gullcn, PI’.. and Hirschhtin. L. 
(1332). The ~~00% gene is implicared in rhe m.unrcnu~C~ of 
non-complemenring diploids in B,zr~i(irs wbrlk. 
X&c. Micrabio/. 6, 1495-1505. 

SRINIVAS SASTRY 
We study mechanisms of transcriptiowal 

intitiation and elongarion. Our goal is to under- 
stand the conformational transitions in the RNX 
polymerase molecule as it moves down the DNI-2 
template. We are mapping the DNA and RNA 
contacting amino acid side chains in the RNA 
polymerase using photochemical cross-linking 
approaches. Transcriptional initiation and elonga- 
tion complexes offichrricbin roli and phage T7 
RNA polymerases are prepared by arresting the 
polymerase at specific sites on the DNA template 
and nascent RNA are induced by high intensit!, 
UV light of specific wavelengths, and a site- 
specific photochemical probe on the DNA 
template or in the RNA. Highly stable 
transcription initiation nnd elongation complexes 
are purified by high performance liquid 
chromatography (HPLC). The molecular contacts 
benveen the amino acid side chains in rhe RNA 
polymerase and the DNA and RNA bases ate 
mapped by a variety of techniques that include 
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protrolytic degradation of the polymerax, ma3s 
spectrometr!, L r xiiino acid composition analysis 
.tnd peptide sequence analysis. 

The Repax of DNA-Protein Cross-Links. 
The formation and “repair” of protein-DN.4 
cross-links is a poorly understood phenomenon. 
,21y h!,pothesis is that the protein-DNA cross-link 
is a major source of intracellular DNA d~magz. 

anti that protein-DNA cross-links are formed at 
one ro ~XI orders of magnitude greater than 
orher types of DN;Z damage: such as interstr‘lnd 
DNA cross-links (about eight per cell per day). 
To understand the mechanisms of “repair” of 
DNh-ptorein cross-links \ve are consrructing 
U\r-mediated zero-length and chemical adduct- 
mediated prorein-L)NA cross-iinks. “Frozen” 
topoisomctase-DNA intermediates, which may 
occur naturally under certain conditions, are also 
being used as model subsrr‘ites for the “repair” 
assd\5. As 3 first step, we are de\-eloping assays 
using human cell-free extracts. 
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TOBY C. RODMAN 
The effector molecules of the immune sysrem 

include a repertoire of circulating immunoglobu- 
lins nonattributable to exogenous anrigenic 
induction, variously designated “autoantibodies” 
or “natural antibodies.” The latter term is 
customarily applied to those antibodies for which 
beneficial function is demonstated or predicated, 
e.g., xenogenric rejection, support of homeosrasis 
at host factor of defense against infectious 
invaders. Since the effective performance of each 
of those roles i, dependent upon specific 
recognition by the antibody for the molecular 
entity or epitopr to which it binds, \ve have 
sought to establish methodology and criteria for 
rpitope definition and for determination of state 
of maturation of natural antibodies throughout 
the life span. Thus far, by application of those 
methods. \vc have identified three natural human 
antibodies. The SLICC‘CSS~LI~ identificaiton of their 
epitope specificities, and characterization of 
each ‘11 innately differentiated, support the 
potential LISC~LIIII~SS of this trend of study in: 
(a) identification of natural host f‘ictors of 
homeostasis and de&me and (b) probing their 
evolutionary development. 

V.‘e identified the epitopr for a specific natural 
IgM antibody as a cryptic sequence of lactoferrin, 
a ubiquitous glycoprotein found in body fluids 
and on certain cell surfaces. Lactoferrin has been 
shown to be capable of cell cntr)’ and DNA 
binding. The presence of the natural antibody, 
therefore. may provide a providential control of 
those capabilities oflactoferrin in physiological 
instances kvhrn such intervention ma>’ be homeo- 
statically expedient. The innate occurrence of that 
natural antibody is shown by our production of a 
hybridoma, derived from a human cord blood R 
cell, secreting the 1,iab counterpart of the 
circulating natural anti-lactoferrin antibody. 

For two other natural anribodies \vc 
established life-span occurrence in a large cohort 

of normal humans and maintenance of stead) 
titer by individuals that, in turn, may be a 
mechanism for meeting homeostatic demand. 
The determined epitope specificity of each of 
those antibodies is compatible wirh a primary role 
as monitor of intracellular traffic. Significant 
secondary roles of those antibodies as agents of 
defense against an infectious invader are support- 
ed by identification of the specific epitope of each 
as a defined functional sequence of the Tat 
protein of HIV. The role(s) of the Tat protein in 
the pathoprogression of HIV infection include 
participation in cellular entry of the virus and cell 
destruction b!. free circulating Tat protein. The 
epitopc for one of the natural antibodies 
embodies the cysteine-rich region ofTat, nhich 
has been shown to participate in cell entry That 
natural antibody, therefore, may play a role in 
restriction ofTat-mediated T4 cell entry by HIV< 
For the second Tat-reactive natural antibod!; the 
Tat-resident epitope encompasses the arginine- 
rich sequence. ‘We produced a hybridoma that 
secretes an antibody homologous with the 
arginin).l-sequence-reactive natural antibody. The 
derivation of that h>,bridoma from a human cord 
blood B cell verifies the innate character of that 
natural antibody. There is long-standing ex-idence 
that arginine-rich proteins may traverse the blood 
brain barrier and recent evidence that HIV Tat is 
capable. in U~OV. of inducing apoptosis of non- 
infected neurons. Therefore, in addition to its 
general pathologic effects, circulating Tat protein 
may through its arginyl sequence, permeate the 
blood brain barrier and instigate the dementia of 
AIDS. In turn, that progression may be retarded 
by the circulating arginyl-sequence-reactive 
natural antibody. The data of our current studies 
show that the blab counterpart of the natural 
antibody is capable of inhibiting Tat activity, 
iv2 dro. 
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MOLECULAR GENETICS AND INFORMATICS 

Joshua Lederberg 

Our laboratory is focused on the genetics of 
evolutionary change in bacteria-namely how 
DNA structure and metabolism play a part in 
providing a substrate for evolutionary adapta- 
(ion. In addition, we are seeking new modes of 
cell fusion in E. coli, besides the systems of 
conjugation, plasmid transfer? phage-mediated 
transduction and DNA-mediated transforma- 

(ion, that have been the methodological basis of 
genetic engineering. 

On the theoretical and policy-oriented side, I 
have been very much concerned with analyzing 
the looming threat of emerging and re-cmcrging 
infection, and developing the global public 
health systems that might help defend us. 

David S. Thaler 

Genotypes change via mutation and recon- 
bination. These are chemical reactions in v-hi& 
parental genomcs are the substrates and new 
genotypes are the products. We have found that 
short stretches of ribonucleotides and other 
noncanonical templates (phosphorothioate, 
2’0methyl RNA and methylphosphonate 
DNA) are genetically potent when they are 
embedded in normal DNA. LVe call the ribonu- 
cleotide copying process Short Patch Reverse 
Transcription (SPRT). This work extends the 
chemistry that is alive because information 
encoded by the attached bases is inherited in 
subsequent generations. 

The molecular mechanisms for genetic 
change are also affected by the amount of diver- 
gence between sequences (regulated by the 
mismatch correction system), DNA restriction 
and physical separation. We study each of these 
s)-stems. With regard to physical separation, we 
are exploring cell fusion as a way to bring t\vo 
bacterial genomes into the same cytoplasm to 
give the genomes a new way to interact, 
Conjugation can also transfer DNA between 
different species of bacteria. New mechanisms 
by which microbial diversity is generated are 
fascinating from a theoretical perspective; from 
the perspective of emerging infections they are 

disturbing. A particular case of interest is a clin- 
icnl isolate of Etltel-ococcusf~eci~rtn that conju- 
gates a chromosomally-located vanconqcin 
resistance cluster into another species of 
Enterococcus. In this system, large and variable 
segments of the donor chromosotne (W-300 
kb) are transferred during conjugation and 
alters many aspects of the recipient in addition 
to conferring vancornyin resistance. In an 
important sense each transconjugant is a new 
species. 

Evolving pathogens may be considered the 
offense and the evolving immune system the 
defense. \Ve study diversity of the defense as 
well as the offense. We are using phage dis- 
played libraries of peptides to characterize the 
epitopes recognized by antibodies. A goal of one 
project is to determine the repertoire of shapes 
recognized by the neonate immune s)-stem. 

Genetic change and evolution are informa- 
tional as \vell as chemical processes. In collabo- 
ration with members of the Rockefeller 
University Center for the Studies in Physics and 
Biology we have worked on computing with 
DNA. Assistant Professor Marcel0 Magansco of 
the Center and I collaborate to study the infor- 
mational and evolutionary consequences of 
genetic mechanisms. 
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Srinivas Sastry 

Immunization Lvith heat shock protein 
(HSPs) preparations isolated from cancer cells 
or virus-infected cells elicits protective anti- 
tumor or anti-viral cellular immunity. The basis 
for this paradigm is that peptides that are gener- 
ated in cells from which the HSPs are isolated, 
are bound noncovalently to HSPs and are 
responsible for the antigenicit): In collaboration 
with Antigenics Corporation and Dr. Pramod 
Srivastavab Laboratory at the Lniversity of 
Connecticut, \ve are studying the mechanism of 
association of peptides with a mouse model 
antigenic system viz., gp96. Our goal is to 
understand the kinetics and dynamics of the 
interaction of immunogenic peptides to the 
chaperone gp96. Is there selectivity/specificity 
in the binding of peptides to gp96? How are the 
peptides bound in the interior cavity (and/or 
the exterior surface) of gp96? M’hat are the 
residues in gp96 that interact with peptides? 
U’hat are the conformational transitions that 
occur in gp96 when peptides are loaded? M’e 
are using highly sensitive fluorescence, CD 
spectroscop)’ and cross-linking techniques to 
answer these and related questions. This bvork 
attempts to relate the mechanisms of peptide- 
binding to HSP chaperones and their antigen 
presentation mechanisms to MHC class I moie- 
cules in the generation cellular immunity. 

Novel DNA Repair Mechanisms. The mech- 

anisms of formation and repair of protein-D% 
cross-links is our research focus. My hypothesis 
is that the protein-DNA cross-link is a major 
source of intracellular DNA damage. Protein- 
DKA cross-links ma)- be formed in viva at a 
much greater rate than other types OF DNA 
damage such as inter-strand DNA cross-links 
(about 8 per cell per day). Frozen topoiso- 
merase-DNA cross-links, Mhich occur in 
patients undergoing chemotherapy with topoi- 
somerase poisons, are an imoprtant source of 
DNA damage. To understand DNA repair mech- 
anisms in these systems, we are constructing 
models of UV-mediated zero-length cross-links, 
chemical-adduct cross-links and topo-DNA 
cross-links. Using these models, we have dis- 
covered new enzymatic pathways that process 
DNA-protein cross-links by human cell-free 
extracts. 

Transcription Initiation and Elongation. 
Our goal is to understand the conformational 
transitions in the RNA polymerase molecule as 
it moves down the DNA template. We are map- 
ping the DNA and RNA contacting amino acid 
side chains in the RNA polymerase using pho- 
tochemical cross-linking approaches. 

Transcriptional initiation and elongation 
complexes of phage T7 RNA polymerases are 
prepared bl- arresting the polymerase at specific 
sites on the DNA templates. Specific cross-link- 
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ing of the arrested RN4 polymerase to the DNA 
template and nascent RNA are induced by high 
intensity UV light and a site-specific photo- 
chemical probe attached to the DNA template 
or the RNA. Highly stable transcription initia- 
tion and elongation complexes are purified by 
high-performance liquid chromatography 

SELECTED PUBLICATIONS 

Sasfty, S.S., and Ross, B.M. (1998). Mechanisms/or the 
plz7ccssing ojajrorcn topoisomcmse-DX.4 conjugotc b) 
huntan cell-jrre wructs. J. Biol. Chem. 273, 9912-9950 

Sustr~: 5 S., and Ross, B.1Zf. (1998). RXA binding SIIC in Ti 

RX4 polo mcraw. Proc. Natl. .4cad. Sci. USA. In pfcss. 

Sastly, S.S. (1997). Isolation and pal-tial charactcriwtion oj 
a novel psoralcn-tyrosine photoconjugatejrorn a photor.cac- 
tion ofpsoralcn with a natural protc~n. Photochem 
Photobiol. 65, 937-944. 

Sastry, S.S., and Ross, B.M. (1997). Nuclcase aciwty oj T7 
RVA pol~mcrasc and the hero-ogcneity of transoiption 
clongafion CO~~ICXES. J. Biol. Chem. 2T2, 8644-8652. 

Snstty, 5.5, and Ross, B.M. (1997). Probing the mcthanwn 
oj T7 KY.4 polymcrasf transoiplion imiiation using co\& 
lent photorhcmical conjugation ojpsotalcn to a ptonlotrr. 
Biochemistry 36, 3133-314-f. 

Sastr): 5 S., Ross, B  M., and Pan-aga, A. (1997). 
Cmcslinhing ojDNA-bInding proteins to DNA \rlth pso,-uicn 
nnd pso~uh fumn side n~ono adducts: co~npurison cljuction 
spcctf~’ I? Ith D,V,4-D,VA crosslinking. J. Biol. Chem 272, 
3715.3723. 

Sastq~, S.S. (1996). Idcntijication of the tcmplntc-blndiflS 

cl+ of T7 kV.4 po~yncrase as the site f4r promoter bitlding 
by photochernical cross-linking ,zith ps~t~alcr~. Biochemistry 

35, 13519-33530. 

(HPLC) and the molecular contacts between the 
amino acid side chains in the RNA pollmerase 
and the DNA and RNA bases are mapped by a 
variety of techniques that include protcol> tic 
degradation of the polymerase, mass spectrome- 
try. amino acid composition analysis and pep- 
tide sequence analysis. 
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